Endogenous xenotropic cat type C virus (RD-114)-and infectious feline leukemia virus (FeLV)-specific gene expressions were measured in spontaneous sarcomas, carcinomas, and nonmalignant cat tissues by molecular hybridization for virus-specific RNA and competition radio-immunoassays for the major internal protein (p30) of these two viruses. The results indicate that RD-114 gene expression in sarcomas and carcinomas at both RNA and p30 levels is significantly higher than histologically normal tissues from cats free of cancer. In contrast, the levels of FeLV viral RNA and p30 are found to be low or undetectable in the majority of these tumored and normal tissues examined. Whereas variability in the amounts of RD-114 or FeLV RNA and p30 expressed is found in tissues from different cats, their expression is fairly uniform in multiple malignant tissues of the same cat. The finding of widespread occurrence of elevated RD-114 gene expression in sarcomas and carcinomas is consistent with our similar observation with natural lymphomas of domestic cats and suggests that expression of certain functions of this endogenous virus may be etiologically involved in the development of many different spontaneous neoplasms of cats.
protein (p30) of these two viruses. The results indicate that RD-114 gene expression in sarcomas and carcinomas at both RNA and p30 levels is significantly higher than histologically normal tissues from cats free of cancer. In contrast, the levels of FeLV viral RNA and p30 are found to be low or undetectable in the majority of these tumored and normal tissues examined. Whereas variability in the amounts of RD-114 or FeLV RNA and p30 expressed is found in tissues from different cats, their expression is fairly uniform in multiple malignant tissues of the same cat. The finding of widespread occurrence of elevated RD-114 gene expression in sarcomas and carcinomas is consistent with our similar observation with natural lymphomas of domestic cats and suggests that expression of certain functions of this endogenous virus may be etiologically involved in the development of many different spontaneous neoplasms of cats. Domestic cat cells have been shown to contain at least two distinct type C RNA tumor viruses (18) . One of these viruses, , is generally noninfectious for cat cells (18) , and its pathogenicity is undetermined. The genetic information of this virus has been demonstrated in the DNA of domestic cats (2, 5, 9, 20, 27, 40) and several closely related species (5) . RD-114 virus has also been induced from domestic cat cells (8, 18, 33) . The second type C virus of cats, feline leukemia virus (FeLV), has related sequences in the genomes of the same domestic and closely related cats in which the RD-114 information is present (2, 3, 11, 24, 27, 40) . In contrast to the RD-114 virus, FeLV is known to be leukemogenic and horizontally transmissible among cats under natural (13) and experimental (16) circumstances. In this regard, it appears that FeLV is transmitted both vertically and horizontally among cats, whereas RD-114 is restricted to vertical transmission within the germ line.
The RD-114 and FeLV viruses are very distinct as judged by molar base ratio (30) and molecular hybridization (4, (22) (23) (24) oftheir RNA genomes, as well as by the antigenic determinants of their major internal protein, p30 (19, 25, 34, 37) , the major envelope glycoprotein, gp70 (14, 38) , and the reverse transcriptase (19, 35) . These nucleic acid and antigenic differences allow measurement of the expression of viral information for both viruses in the same cells or tissues at the RNA and structural protein levels.
In a recent study we examined FeLV and RD-114 gene expression at the transcriptional (viral RNA) and translational (viral p30) levels in domestic cats in relation to naturally occurring lymphoma (21) . The results indicate a significantly higher level of RD-114 transcription and translation in most lymphoma tissues compared with normal tissues. Although FeLV expression is also pronounced in lymphomas, this generally reflects the presence of infectious FeLV. In general, lymphomas from the younger cats show significant levels of FeLV gene expression, whereas RD-114 expression is high in lymphomas of both young and old cats. The present report comprises an extension of these studies to an examination of endogenous viral expression in spontaneous sarcomas and carcinomas of domestic cats.
Cats were tested for infectious FeLV by using the indirect immunofluorescent antibody test for the p30 antigen in peripheral blood leukocytes and platelets (10, 12) .
Cells, tissues, and viruses. Cells were grown in Eagle minimum essential medium supplemented with 10% fetal bovine serum, 2 mM glutamine, and 20 Isg of gentamicin per ml in 75-cm2 Falcon flasks.
Tissues were rapidly frozen at -800C after excision.
Diagnosis of each tissue was made by necropsy examination and microscopic study. RD-114 and the Gardner-Arnstein strain of FeLV were grown in the human rhabdomyosarcoma cell line. The HT-1080 cells derived from a human fibrosarcoma (28) were generously provided by S. Rasheed. Viruses were harvested from 24-h culture fluids of virus-infected confluent cells for complementary DNA (cDNA) synthesis and from 6-to 8-h culture fluids for polyadenylic acid [poly(A)]-containing virus RNA. Virus was purified from culture fluids as described previously (26, 29). The FeLV (Gardner-Arnstein strain) used in this study represents a mixture of subgroups A and B. All three known subgroups (A, B, and C) (32) of FeLV, however, exhibit a high degree of nucleic acid relatedness to each other (17) .
Synthesis of virus-specific cDNA. The reaction conditions for the 3H-labeled cDNA preparation were described earlier (21) . The reactions were stopped by cooling to 0C and adding 0.1 volume of 10% sodium dodecyl sulfate (SDS). The mixture was then extracted three times at room temperature with distilled phenol saturated with STE buffer (0.1 M NaCl-0.01 M Tris-hydrochloride [pH 7.4]-0.001 M EDTA), and the nucleic acids were precipitated from the aqueous phase by 2 two times with phenol, and the nucleic acids were precipitated with 0.08 volume of 25% sodium acetate and 2 volumes of ethanol. After carefully spooling out the DNA, the flocculent precipitate formed during overnight storage at -20'C was pelleted and washed with ethanol. The washed pellet was dissolved in 2 ml of 0.1 M NaCl-0.01 M Tris-hydrochloride (pH 7.9)-5 mM MgCl2, incubated with 100 ug of RNase-free DNase per ml at 370C for 20 min followed by 60-min incubation in the presence of 1% SDS and 1 mg of self-digested Pronase per ml, and extracted twice with phenol, and the RNA was precipitated from the aqueous phase by the addition of ethanol and sodium acetate. After keeping overnight at -200C, the RNA was collected by centrifugation, and the resulting pellet was dissolved in 0.3 M NaCl and 0.03 M sodium citrate (2x SSC)-0.05% SDS-0.02% diethylpyrocarbonate and immediately used for hybridization experiments.
Preparation of 32P-labeled poly(A)-containing RNA. Virus-infected cell lines were grown in phosphate-free Eagle minimum essential medium and 10% dialyzed fetal bovine serum for 12 h. The cells were then labeled for four 12-h periods with the above media supplemented with 100 ,LCi of carrierfree [3uPiphosphoric acid per ml (27) . The 32P-labeled viral RNA was isolated from the virions released in the last 12-h culture fluids using oligodeoxythymidylate-cellulose as described by Smith et al. (36) . The poly(A)-containing RNA solution was treated with SDS-Pronase in the presence of 0.1 mg ofE. coli tRNA per ml, phenol extracted, and alcohol precipitated as described in the RNA extraction procedure. The specific activity of the poly(A)-containing viral RNA was determined from the specific activity of the poly(A)-containing RNA isolated from the cells producing the virus.
Hybridizations. 3H-labeled cDNA was hybridized at 680C with cell or tissue RNA in 10-A.l reaction mixtures containing 500 to 800 cpm of cDNA and variable amounts of RNA in 2x SSC, 0.05% SDS, and 0.02% diethylpyrocarbonate in 50-IA sealed capillary tubes of 16 h (7). Similarly, 300 to 500 cpm of 32P-labeled viral RNA was hybridized to 40,000 to 200,000 cpm of 3H-labeled cDNA.
To measure the extent of 3H-labeled cDNA hybridized to cell RNA, single-strand-specific S, endonuclease of Aspergillus oryzae (1, 39) was used to digest unhybridized cDNA as described earlier (21) .
The reactions were cooled at 0WC, 30 gg of carrier wheat germ RNA was added, and the S, nucleaseresistant 3H-labeled cDNA-RNA hybrids were precipitated and washed with trichloroacetic acid-containing inorganic pyrophosphate on membrane filters (Millipore Corp.) and counted for radioactivity (31 Thermal denaturation curves. 3H-labeled cDNA and cell RNA were hybridized to a Crt value of about 5 x 103 in 2x SSC containing 0.05% SDS and 0.02% diethylpyrocarbonate in capillary tubes as described above. The tubes were heated for 5 min at varying temperatures (70 to 100'C) and rapidly cooled to 00C. The amount of 3H-labeled cDNA that remained hybridized after heating was determined by treatment with S, nuclease. The temperature at which 50% of hybridized 3H-labeled cDNA became dissociated (Tm) was determined from the melting profiles.
Radioimmunoassays for viral proteins. The concentration of p30 antigens in tissue extracts was determined by group-specific competition radioimmunoassays, using previously described 125I-labeled p30 antigen of FeLV and RD-114 as probes (21, 37 Fig. 1 and 2 ). The majority of the malignant tissues, including lymphoma, sarcoma, and carcinoma, exhibited higher levels of RD-114 RNA and p30 as compared with the average distribution in the normal tissues (Fig. 1) . Although the difference in the RD-114 expression between lymphoma and normal tissues was the most pronounced, the gene expression of the RD-114 virus in the sarcomas and carcinomas was also significantly higher (P < 0.0020 or < 0.0005) than normal tissues at both the RNA and p30 levels (Table 5 ). Figure 2, on the other hand, shows that FeLV expression in malig- (Table 5) .
Relationship between virus gene transcription and translation. When a comparison of the levels of virus-specific RNA and virus-specific p30 was made in all of the nonmalignant and malignant cat tissues with respect to either RD-114 or FeLV virus, RNA expression was usually Table 6 . This table also shows that in two out of three cases (cats 1004, 636, and 1008) the normal spleens from malignant tumor bearing cats contained undetected levels of RD-114 RNA, whereas the malignant tissues from the same cats exhibited significant levels of these sequences. Relationship between FeLV and RD-114 gene expression. Tissues that were found to contain FeLV RNA at 210 ng/mg of FeLV p30 at .4 ng/mg were also compared with the levels of RD-114 RNA or p30, respectively, in those tissues. The data clearly indicated that although RD-114 gene products were present in high concentrations in lymphoma tissues positive for FeLV expression, they were almost equally high in the lymphomas negative for FeLV expression (Table 7) . Similarly, in normal tissues the low detection of RD-114 gene expression was not affected by the concentration of FeLV gene products. Thus, it appeared that RD-114 expression was generally high in lymphomas and low in normal tissues irrespective of the levels of FeLV gene expression. DISCUSSION The etiological involvement of horizontally transmitted infectious virus such as FeLV in naturally occurring tumors of cats is well established (13, 16) . However, the role of endogenous vertically transmitted type C feline virus, such as RD-114, is much less well understood. The possibility that viruses of the latter class may be involved in natural tumors of cats is of considerable interest in view of their close resemblance to known endogenous type C viruses of primates (5) . In a recent study of normal and lymphoma tissues of cats, elevated levels of RD-114 transcription and translation were demonstrated in most of the lymphoma tissues (21) . Although FeLV expression was also pronounced in lymphomas, this generally reflected the presence of infectious FeLV. Moreover, in general, only the lymphomas from the younger cats showed significant levels of FeLV gene expression, whereas RD-114 expression was high in lymphomas of both young and old cats (21) . These studies were extended in the present report to an analysis ofthe possible involvement of RD-114 and FeLV gene expression in other feline neoplasia such as sarcomas and carcinomas. RD-114 gene expression was again found in the majority of these tumored tissues. Although the expression was not as elevated as in lymphoma tissues, the level was significantly higher in sarcomas and carcinomas than the normal tissues at the RNA and p30 levels. In contrast, FeLV expression was not significantly greater in sarcomas or carcinomas as compared with normal tissues at either the RNA or p30 level. Since the vast majority of these nonlymphomatous tumors tested were from older cats (age <7 years), this finding is in agreement with our earlier study (21) , which showed little or no detectable FeLV expression in most lymphomas of older cats.
Quantitation of relative levels of viral RNA and p30 expression in cat tissues provided some information concerning cellular transcriptional and translational controls influencing endogenous virus expression. In the majority of the tissues tested, the expression ofthe RNA of or FeLV was associated with the detection of the corresponding p30. There were, however, a number of cat tissues that showed virus-specific RNA but not detectable p30. This possible translational control was found for both VOL. 23, 1977 on July 4, 2017 by guest http://jvi.asm.org/ Downloaded from and FeLV in different cats. Further, the lack of tion of the entire viral genome could not be detectable p30 was found only for one of the excluded because of the limitation in the viruses and not both, indicating that the regu-amounts of virus-specific RNA in the tissue lation was very specific and did not apply to RNA and inability to reach a plateau in the Crt viral RNA in general. Whereas the speculation curve. on specific translational controls is of interest, The specificity of the RD-114 and FeLV the alternative possibility ofa lack oftranscrip-probes permitted an evaluation of a relation- These results may imply an activation of the transcription of the endogenous RD-114 sequences by FeLV infection. This activation may perhaps be required for FeLV to exert its pathological effects. However, FeLV is certainly not the only agent that induces RD-114 expression because many lymphoma tissues tested were found to contain high levels of RD-114 gene products in the absence of detectable FeLV expression. Thus, it appears that RD-114 RNA expression is not merely due to a simple activation by FeLV. The demonstration of elevated RD-114 gene expression in cat sarcomas and carcinomas further suggests that endogenous viral genes may be functionally involved in various types of neoplasia of their natural hosts. This functional involvement may be etiological or due to a response of cat cells to proliferation, growth characteristics, and differentiation. Further studies including mitogenstimulated lymphocytes and proliferative and regenerating tissues may provide answers to these and related questions.
